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INTRODUCTION
Several approaches have been developed for monitoring business cycles -most of them are based on Burns -Mitchell (1946) or Moor (1961) . These authors set down the fundamental principles of composite leading indicators that enable us to identify individual cycles. The key element of this approach is to create groups of cyclical indicators, which have the capacity to reveal the positions of an economy within its cyclical evolution. These business cycle indicators allow us to determine the actual phase and to predict the possible future business cycle evolution.
At present, business cycle monitoring via composite leading indicators is in the focus of international organisations such as the OECD, Eurostat, Conference Board, etc. Nevertheless, their methodologies have certain particularities, which can be crucial for creating an adequate composite leading indicator for the Hungarian economy.
Our contribution to the existing literature is to suggest a quantifiable composite leading indicator (CLI) convenient for monitoring and for the short-term prediction of economic evolution in Hungary after taking into account the particularities of the Hungarian economy (see Györffy 2009), which would be an adequate alternative to the CLIs applied by the OECD or Eurostat.
THEORETICAL BACKGROUND OF THE COMPOSITE LEADING INDICATOR
At first sight, it might seem that interpretations of composite indicators (CI) are obvious and easier than the interpretation of partial indicators. However, it is necessary to interpret CI evolution together with the evolution of its partial components. Thus, its accountability and relevance is higher. The incorrect formulation and consequent analysis of the composite indicator could lead to mistaken political and economic decisions (Saltelli 2007) . The more complex an indicator, the better it describes an economy. However, more complex indicators are often limited in their public availability and flexibility (Macháčková et al. 2007) .
Various institutions and countries evaluate and predict economic reality using their own composite indicators comprising data from different sources. Data often come from conjectural research outputs, traditional real economy indicators, financial indicators, monetary aggregates, prices, and other external indicators according to the individual needs of institutions and countries. The mathematical formulations and contents of composite indicators are not strictly determined. Their creation depends on users (NBS 2006) . Nardo -Saisana (2005) propose a precise composite indicator formulation process consisting of specific steps. According to the OECD, the content of the composite indicators should respect the particularities of each economy. In contrast, the Eurostat prefers the application of a common composite indicator for different countries.
An important step in creating a composite indicator is to gather cyclical indicators into several groups that have a strong relationship with the business cycle evolution of the chosen economy. Generally speaking, three groups of cyclical indicators are determined, i.e. leading, coincident and lagging indicators (OECD 1993) . These types of indicators reflect their relationships to economic evolution. Economic evolution is mostly expressed via GDP. Thus, GDP represents a referential time series. Indicators that follow the evolution of a referential time series are called coincident indicators. These indicators confirm or deny a certain position of an economy (OECD 1993) . Values of certain cyclical indicators have different time trajectories than indicators focusing on GDP evolutions. Some indicators have the capacity to evolve in advance compared to economic evolution. Therefore, it is possible to apply them for short-term predictions (Sullinav -Sheffrin 2003) . This is the case of leading indicators. Their role is to forecast turning points of economic activity and to inform about the probable fluctuation rate of data in the referential series in each stage of a business cycle (OECD 2012a). They enable us to predict growth or contraction in the referential series, but not their precise values. These indicators are considered to be the most important due to their prediction ability (Mester 2007) . The third group of indicators is lagged towards real economic activity. Thus, they are called as lagging indicators. They help us to verify a previous cycle (its turning points) (Czesány -Ježábková 2009).
The character of composite indicators depends on the type of chosen cyclical indicators. It means that it is possible to create a composite coincident indicator on the basis of coincident indicators' group, a composite lagging indicator from the group of lagging indicators, and a composite leading indicator using the group of leading indicators. In terms of short-term prediction, the composite leading indicator (CLI) is the most important one. The CLI represents an aggregate time series that is leading in advance in regard to a referential series corresponding to the business cycle of a chosen economy (OECD 2012b) . The combination of several leading indicators offers more precise predictions than separate leading indicators. However, CLIs cannot fully replace econometric models in the field of long-term predictions. The role of CLIs is only complementary to econometric models in long-run predictions (OECD 1998) .
The first CLI was suggested by Moore (1961) from the Economic Cycle Research Institute. Later, he modified the original CLI to an index of leading economic indicators (LEI). Consequently, many economists have focused on leading cyclical indicators to predict business cycle (Economic Cycle Research Institute 2011) and on cycles and shocks with respect to different relevant variables, e.g. investments (Mihályi 1988) .
THE CLI FORMULATION AND COMPARISON IN THE CASE OF HUNGARY
Hungarian business cycles can be monitored through the CLIs developed by the OECD and Eurostat. Their calculations and formulations are different. However, current studies do not mention their prediction capacities in respect of the business cycle. Therefore, we analyse the CLIs of these international institutions. Above all, we take into account size (number of leading months or quarters) and accuracy, i.e. the quality of leading series in regard to referential series. The quality can be measured using a correlation coefficient.
The OECD methodology
The OECD methodology is based on growth cycles. It stems from an assumption that a time series can be divided into a random, trend and cyclical part. First, the OECD applied the modified phase-average trend (PAT) methodology developed by the American National Bureau of Economic Research (NBER). BoschanEbanks (1978) find the methodology mathematically and statistically demanding. Trend calculation is based on calculations of time series moving averages (Nilsson -Gyomai 2007) . In 2008, the OECD replaced the PAT methodology with the Hodrick-Prescott (HP) filter. The main reason for the change is that the HP filter is able to eliminate trend component and to smooth the whole time series in one step (Schlicht 2005) . The PAT methodology required one more procedure to smooth a series via moving averages (OECD 2012a) . The advantage of the HP filter is that it is not demanding regarding input data (Bezděka et al. 2003) . Beneš -N'Diaye (2004) consider the HP filter to be the simplest alternative to modern filtering techniques. The HP filter can be easily applied to any time series (Hodrick -Prescott 1997) . The parameter λ has to be determined. It optimises trend smoothing (FabianiMestre 2000) . The parameter λ equals 100, 1,600 and 14,400 in cases of annual, quarterly and monthly data, respectively. These values are based on the empirical observations of Hodrick -Prescott (1997) . The disadvantage of the HP filter is that results are biased at the beginning and end of the observed series. This is the so-called problem of end-points (Trimbur 2006) . The time series is enlarged by predictions to reduce the problem with end-points (Zimková -Barochovský 2007) .
The OECD applies the index of industrial production as a referential series since it is available with a higher frequency than GDP. According to the OECD, it is not possible to formulate the same composite indicators for different economies. Thus, it uses various groups of leading indicators. The most often applied are business surveys, monetary and financial indicators, stocks and orders, retail sales, prices, and external trade indicators (OECD 2008) .
The OECD is the only institution that implements indicators linked to the external economy, e.g. external trade, evolution of exportations, and exchange rates. It combines soft (qualitative) and hard (quantitative) data in its research. Particular indicators have the same weights. Different weights would minimise the impact of those indicators that do not reflect the same direction as other indicators. Consequently, the reliability of composite indicators could be reduced. Their significance in one cycle would be different as in another one (Gyomai -Guedette 2012) . As reported by Nilsson (2000) , the OECD indicators have a better reliability than the Eurostat indicators.
At present, the CLI for Hungary developed by the OECD comprises seven indicators (OECD 2013):
1. production in the manufacturing industry (future evolution in %), 2. registered number of the unemployed, 3. number of working hours per month in the manufacturing industry, 4. monetary aggregate M1 (HUF), 5. BSE (Budapest Stock Exchange) index (2005 = 100), 6. central bank base rate (%), and 7. total imports (HUF). The Evolution of the OECD CLI and of the industrial production index is captured in Figure 1 . We can observe a certain leading trend of the CLI towards a referential series evolution, especially before and during financial and economic crisis.
The cross-correlations of the observed time series were calculated to verify the statistically leading and prediction capacity of the CLI. Results are presented in Table 1 .
The OECD CLI allows us to study a referential series evolution three months in advance. However, the accuracy of leading capacity, measured through the value of the correlation coefficient, depends on the time series length. The CLI corresponds rather to the shorter time series of Hungarian business cycle (2005) (2006) (2007) (2008) (2009) (2010) (2011) than to the longer one (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) . These findings reflect a changing economic situation. Thus, the current formulation of the CLI does not have to be suitable for the past. 
Table 1
Cross-correlation results between the OECD referential series and CLI (M1 2005-M12 2011) Note: M1and M12 is January and December of the particular year, respectively. Source: Own calculations.
Period

t-12 t-11 t-10 t-9 t-8 t-7 t-6 t-5 t-4 t-3 t-2 t-1
Table 2
Cross-correlation results between the OECD referential series and CLI (Q1 2000-Q4 2011) Note: Q1 and Q4 is the first and last quarter of the particular year, respectively. Source: Own calculations.
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In addition to the monthly prediction, we have recalculated the values of the OECD CLI and industrial production index on the quarterly basis (see Table 2 ). Thus, the results can be compared to the Eurostat data.
Recalculations to quarterly data enable us to reduce the presence of extreme values. Time series are more smoothed and their correlation coefficients reach higher values in the same leading period (1-2 quarters).
The Eurostat methodology
Eurostat also analyses cyclical evolution of an economy via growth cycle. Trend estimation is calculated through the Christiano-Fitzgerald filter of random walk. This filter is constructed on the same principles as the Baxter-King filter (Everts 2006) . The advantage of the Christiano-Fitzgerald filter is that it is designed to work well with longer time series than the Baxter-King filter. In addition, it converges in the long run to the optimal filter, and in real time applications outperforms the Baxter-King filter (Nilsson -Gyomai 2011) .
GDP at constant prices is chosen as a referential time series. Eurostat determines a single composite leading indicator for all observed countries. This indicator comprises:
1. industrial confidence indicator, 2. consumer confidence indicator, construction confidence indicator, and 3. share prices indicator (Czesaný 2006) . According to the Eurostat approach, the composite indicator formulation is based on soft data, i.e. the combination of qualitative and quantitative ones (Ozyildirim et al. 2009 ). Eurostat applies a simple system of weights where particular components are divided into two groups. The second group (construction confidence indicator and share prices indicator) has half a weight compared to the first group (industrial confidence indicator, consumer confidence indicator). The advantage of the European Union is that all the components are easily available.
It is necessary to construct the CLI for Hungarian economy according to the Eurostat approach in order to verify the prediction capacities of the indicator. Unlike the OECD, Eurostat does not provide us with the CLI evolution of Hungarian economy. GDP cyclical component at constant prices (2005 = 100) was chosen as a referential series. The cyclical component was calculated via the ChristianoFitzgerald filter. The CLI by Eurostat and the referential series evolution are depicted in Figure 2 .
The cross-correlations were calculated for three different time series (Table 3 ). The shorter time series was observed the higher correlation coefficient was found. It means that the current CLI composition corresponds rather to the current eco-nomic situation than to the past. However, the correlation coefficient at the level of 0.701 in the case of two leading quarters can create false signals about future economic development in Hungary. Consequently, it would be more appropriate to suggest a CLI tailor-made for the Hungarian economy that would predict the evolution of a referential series more precisely.
The Conference Board methodology
The Conference Board's (CB) main function is to monitor the evolution of the American economy and to construct cyclical indicators. Another American organisation, the Economic Cycle Research Institute, deals with the research of . spread between long-and short-term interest rates, and 10. average expectations of consumers in the field of business terms. The Conference Board creates composite indicators respecting several principles. For instance, time series have to be in line with business cycle, the cyclical behaviour of time series has to be explained on an economic basis, statistics data have to be reliable, etc. Cyclical indicators of the American economy are based exclusively on quantitative data. The leading indicator for American economy is calculated by the Centre for International Business Cycle Research (CIBCR), too. This composite indicator includes twelve partial indicators and is also based exclusively on hard data.
Comparisons of the CLI formulations
The deteils of the CLI formulations differ in several aspects. We can distinguish several approaches according to the choice of a referential series, types of data, time series adjustment, weight determination, etc. Thus, the quality of a CLI can vary significantly, depending on the right choice. The main differences among methodologies applied by the OECD, Eurostat, and the Conference Board are mentioned in Table 4 .
THE CLI CONSTRUCTION IN THE CASE OF HUNGARIAN BUSINESS CYCLES
Choice of a referential series
It is necessary to choose a right referential series representing the Hungarian business cycle. The OECD recommends application of GDP (Tuveri 1997) . However, the indicator is available only on a quarterly basis. Consequently, the OECD preferred the industrial production index up to March 2012. GDP recalculated to a monthly period has been applied by the OECD since 2012 (OECD 2012b).
Eurostat uses GDP at constant prices (its cyclical component). The third possibility is to create an own composite indicator. This solution is preferred by the Conference Board. The economic significance of particular indicators is one of the important factors that influence the choice of a referential series. GDP relevance is obvious as it is a main business cycle indicator. The industrial production index is also important as it expresses the evolution of industry, which represents a significant part of GDP. The correlation coefficient between the Hungarian GDP and the industrial production index is 0.983. The cyclical components of time series are used to observe the cyclical evolution of an economy. Thus, we calculated the correlation between the cyclical components of GDP and the industrial production index. The value of the correlation coefficient was 0.841. These values correspond to the period from Q1 1995 to Q4 2011. However, results in the case of shorter time series can be different. Therefore, we also calculated cross-correlations for the period 2000-2005.
Table 5 reflects that the industrial production index corresponds to GDP evolution during all observed periods. Consequently, the industrial production index can be applied as a referential series for the Hungarian economy. t+ values prove that the industrial production index has attributes of coincident indicator and does not correspond either to leading or lagging indicator. This finding is in line with the OECD approach. In addition, the OECD CLI has good prediction capacities. On the other hand, the Eurostat CLI is weaker in predictions than the OECD CLI as it is obvious from Tables 2 and 3. Cross-correlations confirm this opinion. Therefore, it would be more appropriate to analyse the relationship of particular indicators to GDP and to formulate a CLI that can predict Hungarian business cycles more precisely and on a quarterly basis. The creation of an own composite indicator that would be in the position of a referential series is rather complicated and does not guarantee better predictions. Due to these facts, we apply the cyclical component of GDP at constant prices as a referential series.
Methodology of the CLI formulation
The formulation of an own CLI is based on growth cycles, which is more appropriate in the case of transition economies with a higher rate of growth (Macháčková et al. 2007 ). After the collection of time series databases, the following steps have to be carried out (Tkáčová 2012 Note: Q1 and Q4 is the first and last quarter of the particular year, respectively.
Source: Own calculations.
• Lagging indicators -The highest absolute value of the correlation coefficient is situated on the right side from t and the second highest absolute value of the correlation coefficient has to be at least 0.55.
• Leading indicators -The highest absolute value of the correlation coefficient is situated on the left side from t and the second highest absolute value of the correlation coefficient has to be at least 0.55.
Normalisation of data (standardisation) -Normalisation of data enables us to
use data in different units. In our case, we will apply standardisation of a time series using the following relationship (OECD 2008):
( 
where v is weight of each leading indicator creating the composite leading indicator and n is a number of the leading cyclical indicators. Particular weights are determined according to the correlation coefficient absolute values. Higher weights will be associated to indicators with higher correlation coefficients. The calculation of different weights can be represented via:
where v i is weight of a leading indicator i, and r i is a correlation coefficient value of a leading indicator i in a lead-time. 7. The CLI formulation -The CLI will be based on the sum of the indicators multiplied by their weights. 
Hungarian cyclical indicators
Hungarian cyclical indicators retrieved from the OECD, Eurostat and Hungarian Central Statistical Office were observed for the purpose of the study. We investigated the cyclical behaviour of 116 indicators. We determined GDP as a referential time series and we examined the cross-correlations of GDP with the chosen indicators. According to their cross-correlations results, the indicators were divided into four groups: coincident, lagging, leading indicators and indicators without any evident relationships with referential series. In the case of Hungary, 17 various items were involved in the group of coincident indicators. They were mostly industrial indicators. Thus, we can conclude that this part of the Hungarian economy evolves in line with its business cycle. Eight lagging indicators were analysed in the Hungarian business cycle. The leading indicators represent the most interesting category for us. This group consists only of six items in the case of Hungary. Therefore, only a small number of economic variables are able to predict Hungarian business cycle evolution.
The Hungarian CLI construction
Our methodology enabled us to identify six leading indicators for Hungarian business cycle:
1. Budapest Stock index, 2005=100, 2. market capitalisation in current prices, billions of euro, 3. construction labour input index, 2005=100, 4. crude steel production, thousands of tons, 5. industrial confidence indicator, and 6. services confidence indicator. The identified indicators were not numerous, yet they covered almost the whole economy. The Budapest Stock index and market capitalisation have a similar economic significance. Thus, to avoid duplicating, market capitalisation was excluded. We had several reasons for the exclusion. First, the two indicators have a very similar meaning from the economic point of view. Second, market capitalisation reached lower values of cross-correlations than the Budapest Stock index. The third argument is that even the OECD and Eurostat include only the Budapest Stock index in their composite indicator. Finally, the number of leading indicators included in our CLI is five.
Particular groups of indicators are represented in Table 6 . Time series cover the period from 2001 to 2011. Indicators were chosen according to the value of the highest correlation coefficient in comparison with other leading indicators. The observed variables had a normal distribution and their stationarity was ensured via logarithmic operations. Three alternatives were chosen for the CLI.
Table 6
Alternatives of the CLI composition for Hungary Firstly, we have calculated cross-correlations using the same weights for particular CLI. The second approach was based on the application of different weights according to the value of the correlation coefficients. Table 7 captures cross-correlation results in the case of the same weights. Table 7 Cross-correlation results in the case of the same weights for three alternatives of the Hungarian CLI CLI Note: Cross-correlations were calculated from time series Q1 2001-Q4 2011. Q1 and Q4 is the first and last quarter of the particular year, respectively.
Source: Own calculations. Table 7 represents particular alternatives of the CLI. They differ in their leadtime length and correlation coefficients values. A lead-time at the level of one quarter was obvious in CLI 1 and CLI 2. A two-trimestral lead-time was ob-served in CLI 3. In the case of CLI 2, the highest correlation coefficient value was 0.899. This composition of the CLI should be the most appropriate for short-run prediction and referential series monitoring in Hungary. According to the crosscorrelation results since 2005, CLI 2 seems to be again the most convenient. If the weights are the same, the Hungarian CLI can be formulated as:
CLI HUNGARY (same weights) = 0.25 * Budapest Stock index + 0.25 * crude steel production + 0.25 * construction labour input index + 0.25 *service confidence indicator (4) On the other hand, weights can be determined according to correlation coefficients. As in the previous case, the highest correlation coefficient value was achieved in CLI B (which corresponds to CLI 2) in the first quarter. Therefore, the CLI equation is as follows:
CLI HUNGARY (different weights) = 0.27496 * Budapest Stock index + 0.22852 * crude steel production + 0.24996 * construction labour input index + 0.24656 * service confidence indicator (5) Figure 3 depicts a Hungarian referential series evolution, i.e. CLI 2 and CLI B. We can observe that CLI 2 and CLI B have almost identical evolution in comparison to the cyclical component of GDP at constant prices (2005 = 100). In addition, the CLI that we suggest is in advance compared to the referential series. This feature is the most obvious since 2007, when the CLI started to predict economic growth as well as a business cycle peak at the beginning of 2008 and consequent economic recession due to the world-wide financial and economic crisis. The CLI predicted growth and gradual expansion in the third quarter of 2009. GDP was influenced by that evolution two quarters later.
Comparisons of the CLI by OECD, CLI by Eurostat and CLI suggested by authors
We try to compare the composition and prediction capacity of our CLI and the CLI by OECD and Eurostat for the Hungarian business cycle. Comparisons of these three CLIs from the point of view of their partial components are presented in Table 9 .
Despite several differences among the CLI compositions, the Budapest Stock index is involved in all three alternatives. Therefore, we can conclude that the stock index has significant prediction capacities in Hungary. All three CLIs consist of indicators linked to industry, e.g. production in the manufacturing industry in the case of the CLI by OECD, industrial confidence indicator in the CLI by Eurostat, and crude steel production in our CLI is also connected to industry.
Comparisons of the lengths of lead-times are statistically more important. The length of lead-time was analysed via the number of months or quarters. The quality of lead-time was estimated through correlation coefficients. Our conclusions are summarised in 
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The OECD observes industrial production indicator evolution as a referential series on the monthly basis. In this case, we found a three-month lead-time. The maximum correlation coefficient in the CLI by OECD was at the level of 0.755 in the time series from 1995 to 2011 and 0.823 for time series starting in 2005. Recalculation to quarters changes a lead-time to two quarters and the correlation coefficient is 0.764. The Eurostat's referential time series is GDP cyclical component. Its time-lead is at the level of two quarters and the correlation coefficient equals to 0.590 for the time series from 1996 on. The correlation coefficient value is 0.701 in the case of the period from 2005 to 2011. Our CLI manifests shorter lead-time (1 quarter). However, its correlation coefficient is significant. It is 0.899 for a time series since 2001 or 0.901 since 2005. Consequently, the CLI that we suggest should predict referential series evolution more precisely, but later.
The highest correlation appears at period t-1, whereas in the OECD and Eurostat methodology they appear at t-2 (see Table 10 ). Tables 7 and 8 display that even the second highest cross-correlation value is higher in the suggested CLI than it is in the CLI by OECD or Eurostat. The main advantage of our CLI is that the high correlation coefficient value in the lead-time should minimise false signals about future economic evolution.
CONCLUSIONS
The aim of the present paper was to create our own composite leading indicator (CLI) convenient to monitor and predict Hungarian business cycles in short-run. We compared the existing CLI applied by the OECD and Eurostat with our CLI. We have analysed the size (number of lead-time months and quarters), the accuracy, i.e. quality (correlation coefficient value in a lead-time) of lead-time versus a referential series. According to our findings, our CLI forecasts the evolution of a referential series more precisely than the CLIs developed by the OECD and Eurostat. Nevertheless, from our point of view, the application of all existing CLIs at the same time can be appropriate. Consequently, the number of false signals should be reduced. The CLIs allow us to receive the first rough preliminary estimations of Hungarian economic cycles. In addition, this analysis allows us to research in detail lagging and coincident Hungarian cycle indicators. 
